A veterinary team's best work can be undone by a breach in infection control, prevention, and biosecurity (ICPB). Such a breach, in the practice or home-care setting, can lead to medical, social, and financial impacts on patients, clients, and staff, as well as damage the reputation of the hospital. To mitigate these negative outcomes, the AAHA ICPB Guidelines Task Force believes that hospital teams should improve upon their current efforts by limiting pathogen exposure from entering or being transmitted throughout the hospital population and using surveillance methods to detect any new entry of a pathogen into the practice. To support these recommendations, these practice-oriented guidelines include step-by-step instructions to upgrade ICPB efforts in any hospital, including recommendations on the following: establishing an infection control practitioner to coordinate and implement the ICPB program; developing evidence-based standard operating procedures related to tasks performed frequently by the veterinary team (hand hygiene, cleaning and disinfection, phone triage, etc.); assessing the facility's ICPB strengths and areas of improvement; creating a staff education and training plan; cataloging client education material specific for use in the practice; implementing a surveillance program; and maintaining a compliance evaluation program. Practices with few or no ICPB protocols should be encouraged to take small steps. Creating visible evidence that these protocols are consistently implemented within the hospital will invariably strengthen the loyalties of clients to the hospital as well as deepen the pride the staff have in their roles, both of which are the basis of successful veterinary practice. (J Am Anim Hosp Assoc 2018; 54:-------.
Introduction and Objectives
Without effective infection control, prevention, and biosecurity (ICPB) implemented in the veterinary primary care and referral settings, the clinician's efforts at disease prevention and treatment are compromised and, in some cases, nullified. Thus, ICPB is at the heart of the veterinarian's pledge to protect animal health and welfare and public health, as well as the universal mandate among the healing professions to "first, do no harm." Hospital-acquired infections (HAI), sometimes referred to as nosocomial infections, are an inherent risk in human and veterinary medicine, and breaches in ICPB can have direct and indirect financial, social, and environmental impacts on patients, clients, and staff. In a practical sense, any practitioner who doubts the value of ICPB need only experience a client's displeasure, an animal's health complications, or the consequences of an unflattering online review when a pet contracts infectious enteritis or respiratory disease during boarding or hospitalization or requires postsurgical treatment due to an HAI. 1 The fact is, our best work can be undone by an infection control breach in the practice or homecare setting. The AAHA Infection Control, Prevention, and Biosecurity Guidelines are the first clinician-focused and practiceoriented guidelines on this topic developed specifically for use in companion animal medicine. As such, these guidelines complement the growing emphasis in human medicine on infection control to prevent HAIs and exposure of patients and workers to infectious pathogens in the practice or laboratory and build off existing veterinary best practice and topic-focused documents. [2] [3] [4] [5] [6] [7] The increasing involvement of drug-resistant pathogens such as methicillin-resistant staphylococci in HAIs has created additional urgency for effective ICPB. Adding to the risk associated with ICPB lapses is the potential for in-hospital exposure to zoonotic diseases such as leptospirosis, rabies, salmonellosis, campylobacteriosis, and infections with ecto-and endoparasites (e.g., fleas, ticks, and helminths). Taken together, these factors created a strong motivation to assemble a task force of experts to produce these ICPB guidelines.
As many HAI likely occur unnoticed, solely relying upon the awareness of outbreaks as a measure of effective ICPB practices results in a false sense of security and unnecessary patient and staff health risks. As such, effective ICPB is dependent on the development of and adherence to standardized processes and protocols followed by self-audit and protocol adjustment. These guidelines provide a conceptual roadmap and specific, practical guidance on how to institute and evaluate ICPB standard operating procedures (SOPs) that will safeguard patients, staff, and clients from avoidable exposure to infectious pathogens. It is important to acknowledge that not all HAI will be prevented by following ICPB SOPs; however, studies indicate 10-70% of all HAIs in human medicine are preventable by using practical infection control measures, an estimate that is likely applicable to veterinary medicine. 8 Even a 10% reduction in HAI would have large impacts on patient health, owner cost, and owner and staff satisfaction.
Implementing the various protocols specified in these guidelines or provided as online resources may seem daunting at first.
However, most practices already effectively apply many infection control procedures as an aspect of sound clinical practice. These guidelines will nevertheless help any primary care or referral practices to systematize and strengthen their existing ICPB protocols and enlist the entire healthcare team in this essential aspect of high-quality veterinary care. To that end, the guidelines present a progression of interventions from most to least critical.
Therefore, veterinary practices can implement the recommendations of the ICPB task force incrementally without being overwhelmed by attempting an immediate, complete overhaul of ICPB protocols.
As ICPB principles become part of a practice's culture, the healthcare team can more confidently admit and treat all patients, including those with emerging or endemic infectious diseases, while minimizing the risk of exposing other patients, staff, and clients. An effective approach, strongly recommended by the ICPB task force, is to appoint a practice "champion" who takes primary responsibility for implementing ICPB protocols and ensuring staff compliance. This individual should focus on the two principal components of ICPB, which are to (1) limit pathogen introduction, exposure, transmission, and infection within the hospital population; and (2) evaluate the effectiveness of infection control practices at controlling disease. 9, 10 There are limited data and evidence-based studies that clearly measure the added benefits of infection control practices in veterinary practices. 9, 10 Nonetheless, the prevailing opinion within the profession, supported by evidence from other healthcare fields, is that veterinarians can more widely implement effective ICPB protocols and conduct staff training on ICPB to protect patient, staff, and client health. 6, 9, 11 To help fill this void, the guidelines represent the consensus recommendations of experts with extensive ICPB experience in veterinary medicine and public health.
Their recommendations reflect the latest scientific data, clinical expertise, and best practices for infection control. Thus, these guidelines address the growing public awareness of HAI, the emergence of drug-resistant microbes and infections, and the expectation that veterinary medicine will match or exceed ICPB initiatives in human medicine. More specifically, the objectives of the guidelines are to · Help veterinary practice teams understand the importance of ICPB and why it should be prioritized.
· Help practice teams implement appropriate ICPB protocols that enhance patient care and safety.
· Provide general concepts that guide effective ICPB (versus exhaustive information on all potential pathogens).
· Provide specific surveillance strategies and protocols that will allow practices to self-audit, assess, and adjust their SOPs for infection control.
· Provide resources for motivating and training staff to understand, implement, and comply with ICPB strategies.
· Provide practical information that can be adapted as client education materials.
Conversely, the purpose of the guidelines is not to focus on hospital design or the judicious use of antimicrobial agents, two ancillary topics that are more appropriately reviewed in other forums and publications. When the ICPB objectives listed above are met, it will inherently advance the quality of care provided by your practice. When clients see visible evidence that ICPB protocols are consistently implemented by your healthcare team (e.g., barrier precautions, take-home postsurgical instructions, posted ICPB protocols), it will invariably strengthen the mutual loyalties of the veterinarian-client-patient relationship that is the basis of successful veterinary practice.
Principles of Infection Control, Prevention, and Biosecurity

Routes of Transmission
Infection control and prevention depends on disrupting the transmission of pathogens from their source (the infected animal or human) to new hosts (animal or human) or locations. 7, 12 Understanding routes of disease transmission and how it contributes to the spread of organisms allows for the identification of effective prevention and control measures not only for specific diseases, but also other pathogens transmitted by a similar route, including unanticipated infectious diseases. 12 The transmission of microorganisms can be divided into the following five main routes: direct contact, fomites, aerosol (airborne), oral (ingestion), and vectorborne. Some microorganisms can be transmitted by more than one route.
Direct Contact Transmission
Direct contact transmission occurs through direct body contact with the tissues or fluids of an infected individual. Physical transfer and entry of microorganisms occurs through mucous membranes 
Zoonotic Transmission
It is important to remember many animal diseases are zoonotic and therefore pose a risk for the healthcare team as well as clients. The transfer of these agents can occur by the same five routes of transmission described above. Examples of zoonotic pathogens include Microsporum, Leptospira, Campylobacter, and Bartonella.
Hierarchy of Controls
The hierarchy of controls concept, often used to address measures taken to reduce workplace hazards, is useful when considering infection control strategies in veterinary settings. 7,13-17 Figure 1 shows a four-tier hierarchy pyramid that can be used to determine effective ICPB procedures such as changes in facility design, policies or procedures, and wearing protective clothing. The top tiers are generally considered more effective at minimizing hazards (e.g., pathogen exposure) than the lower tiers. 15, 16 Often, a combination of control measures are needed to effectively reduce exposures.
16
Elimination of sources of pathogen exposure involves physically removing (or preventing) the hazard (i.e., pathogen) from entering the facility. 15, 16 Although completely eliminating infected animals from a facility is unlikely to occur, measures can be taken to prevent patients from infecting the general population. While elimination controls are the most effective at reducing hazards, they are often the most difficult to implement.
15
Engineering controls include measures designed into the facility to remove a hazard at its source or to improve compliance with infection control procedures. 4, 7, 15, 16 These measures can be highly effective but generally have higher initial costs.
4,13-17
Administrative controls include protocols or changes to work practices, policies, or procedures to keep patients or staff separated from a known hazard as well as providing staff with information, training, and supervision for these measures. Administrative controls address the way people work and how animals move through the hospital (traffic flow) when an onsite infectious disease is known or suspected.
Personal protective equipment (PPE) includes the use of special clothing and equipment to protect staff and patients who may be exposed to known or suspected pathogens. 13, 15, 16 PPE places a barrier between staff and an exposure risk (e.g., infected
animal, diagnostic specimens) and with appropriate use, helps prevent the spread of pathogens between animals and within the practice. The use of PPE is considered a relatively less effective means of controlling exposures because it relies on human factors such as staff compliance and appropriate education and training. 4, 15 Although less effective, lower tiers (e.g., PPE) remain critical for effective infection control and should be used when indicated. Table 2) . · Cleaning and disinfection ( Table 3) . · Sequence for putting on and removing PPE ( Table 4) . · Identifying high-risk patients; questions to ask when making appointments ( Table 5) .
· Placing and maintaining IV and urinary catheters ( Tables   6, 7) .
· Entering and exiting isolation or dedicated areas for highrisk patients ( Table 8 ).
· Necropsy procedures ( 20 · Have all material safety data sheets or product safety data sheets for cleaning and disinfection materials available. Follow instructions for proper mixing, disposal, and PPE (e.g., gloves, eye protection). As able, ensure the area is well ventilated.
· Exam rooms and cages should be cleaned and disinfected immediately following use. Place signage at the room entry that it should not be used until cleaning and disinfection is completed.
· As applicable, remove all bedding and organic material (e.g., feces, feed, hair, linens, bandage, or other materials) and dispose in designated waste bin. Gloves should be worn during this procedure.
· "Dry"-clean surfaces (e.g., sweeping, wiping with disposable microfiber cloth) to remove loose organic material. · "Wet"-clean surfaces with warm water and detergent. Scrubbing surfaces is often necessary to remove feces or bodily fluids, biofilms, and stubborn organic debris, especially in animal housing areas.
· Rinse with clean water. For all rinsing and product application procedures, care must be exercised to avoid overspray. High-pressure washing should be avoided.
Higher pressures can help remove stubborn organic debris but may also force debris and organisms into crevices or porous materials, from which they can later emerge. Additionally, high-pressure washing causes aerosolization and overspray, which may spread organisms widely, even into previously uncontaminated areas.
· Allow the area to dry or manually do so. If excess water remains, subsequently applied disinfectants may be diluted to the point of inefficacy. · Apply disinfectant solution at the indicated concentration and ensure the appropriate contact time (allotted time required for disinfectant to remain wet on the surface to kill the pathogens of interest; time is based on the product, concentration, and targeted pathogens but generally 5-10 min). Rinse thoroughly with clean water; this is especially important for disinfectants that leave a residue or for surfaces vulnerable to damage from the disinfectant. Always follow the disinfectant label ( Figure 2 ) for appropriate use, concentration, and contact time (see Figures 3, 4; Table 11 for choosing a disinfectant).
· Allow the treated area to dry as much as possible before reintroducing animals or reusing the area. · In known contaminated or high-risk areas, a second application of a disinfectant with wide spectrum (e.g., accelerated hydrogen peroxide product) should be considered as a final decontamination step. Ensure appropriate contact time, rinse with clean water, and allow the treated area to dry, as stated above.
PPE, personal protective equipment.
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Several sources provide client-appropriate materials on these topics, such as Worms and Germs blog's pet resources 6. Put on gloves 6. Perform hand hygiene * If gloves are removed first, hands must only touch uncontaminated surfaces of the gown, typically behind the neck (ties) and at the back of the shoulders. The gown is then peeled down off the body and arms, balling or rolling in the contaminated surfaces (front and sleeves). This is difficult to do, however, without contaminating the hands. The preferred method for doffing a disposable gown and gloves is, therefore, to break the ties at the neck by pulling on the upper front portion of the gown with the hands still gloved, balling or rolling in the contaminated surfaces, and pulling the gloves off inside-out as the hands are withdrawn from the gown's sleeves. The gown and gloves can then be placed in a disposal receptacle together. PPE, personal protective equipment. Has the pet been to a boarding kennel, dog park, day care facility, animal shelter, or other similar venue in the past month?
Traveled to another area or country?
Are other pets in the household ill?
· Acute vomiting? · Acute diarrhea (defined as three or more loose stools during the past 24 hr) or episodes of bloody diarrhea? · Acute coughing? · Acute sneezing?
If the patient is acutely coughing, sneezing, vomiting, or having diarrhea, 6 a fever, the pet should not enter the reception area. Evaluate such animals before entry into the building or immediately transport them to a dedicated examination or isolation room depending on practice policy. If the hospital records indicate that the pet has a multidrug-resistant infection, the pet should not enter the reception area. * Patients fitting these criteria should not enter the reception area. Meet owners outside and escort them in via a separate entrance or use a carrier or gurney to transport the pet through the reception area if necessary. Use alternative waiting/examination locations or use of barrier precautions based on the initial risk assessment. Clean and disinfect any waiting or examination locations occupied before using those areas again for other animals. 2. Perform hand hygiene and put on clean examination gloves.
3. Use gauze sponges, sterile saline, and chlorhexidine scrub diluted with sterile saline to between 0.5 and 2% chlorhexidine.
4. Perform hand hygiene and put on sterile or clean gloves to insert the catheter. Do not reuse a catheter after a failed attempt.
5. Attach a catheter cap, T set, or suitable extension set to the catheter, and flush the catheter with sterile saline solution. Carefully secure the catheter with tape and cover it with sterile bandage materials. Povidone iodine ointment may be applied at the site of entry into the skin.
6. Examine the catheter site at least two times daily. Observe for pain and evaluate for evidence of swelling or thrombophlebitis. If the bandage is not clean and dry, replace the bandage. If there is any evidence of thrombophlebitis and the catheter is still necessary, replace the catheter in a different site.
7. When IV lines are disconnected (e.g., to take a dog for a walk), the sites of connection should be cleaned with isopropyl alcohol single-use wipes and capped with injection caps. Do not reuse injection caps.
8. IV tubing used for fluid administration should be changed every 72 hr. The IV tubing used for TPN administration should be changed every time a new bag of TPN is placed, or every 24 hr, whichever is more frequent.
TPN, total parenteral nutrition. For all site cleansing, wear examination gloves and use sterile gauze sponges to cleanse, alternating between an appropriate dilute skin antiseptic (e.g., chlorhexidine scrub diluted with sterile saline to 0.5-2% chlorhexidine, 1:200 povidone iodine/sterile saline) and sterile saline.
Dogs
· Clip hair on prepuce and surrounding ventral abdomen. Shorten nearby long hair. · Cleanse the area, using at least three scrubs with each solution.
Males
· Flush the prepuce three to five times with 2-12 mL of dilute skin antiseptic (volume depends on size of dog) using a sterile syringe. · Assistant wearing clean examination gloves should exteriorize the penis. Cleanse of any gross exudates, then cleanse the entire area, using at least three wipes with each solution. Flush with 2-5 mL dilute skin antiseptic.
Females
· Cleanse vulva and perivulvar area, using at least three scrubs with each solution. · Flush the vaginal vault three to five times with 0.5-12 mL dilute skin antiseptic (volume depends on size of animal) using a sterile syringe.
All
· Place a sterile fenestrated drape over the work area. · Perform hand hygiene and put on sterile gloves. · Test the bulbs of Foley catheters before placement. · Coat the distal catheter with sterile lubricating jelly from a single-use packet and place the catheter using sterile technique. · Immediately connect a sterile closed collection system. · Anchor the catheter to prevent displacement and place an Elizabethan collar on the animal.
Daily maintenance of indwelling catheters
Perform hand hygiene and put on sterile gloves. Clean at the junction of the patient and the external portion of the catheter every 24 hr with sterile gauze sponges, alternating between dilute skin antiseptic solution and sterile saline (greater than or equal to three scrubs with each solution).
Managing the closed collection system · Do not administer prophylactic antimicrobials; these increase the risk of hospital-acquired resistant infections and have not been shown to prevent infection. Give antimicrobials only for documented infection.
· Position collection bags lower than the animal to allow urine to flow by gravity. Prevent retrograde flow of urine from the collection bag back into the patient because this may cause iatrogenic urinary tract infection with resistant organisms. The collection system clamp should be closed when the patient is moved or walked and immediately reopened once the collection bag is again lower than the patient. Check patency of the tubing hourly. presence of marks after cleaning was to occur (e.g., 24 hr after mark placement). 23 Regularly marking and collecting this information provides insight into cleaning deficiencies (e.g., locations or objects often missed), allowing for targeted adjustment to cleaning and disinfection protocols or staff training. Culturing environmental surfaces or diagnostic samples from animals is another example of active surveillance, but due to expense would generally be reserved for an outbreak investigation. Entering and exiting isolation rooms 1. Before entering the isolation area, remove practice outerwear (e.g., laboratory coat) and any equipment (e.g., stethoscope, scissors, thermometer, watch, cell phone) and leave outside the isolation unit/anteroom.
2. Gather any necessary supplies and medications before putting on PPE.
3. Wash hands or use alcohol hand rub, and then put on booties, gown, and gloves before entering the isolation room (see Table 4 for proper procedures).
4. Attend to the patient in isolation as needed. DO NOT bring treatment sheets, pens, or electronic devices such as laptops, cell phones, or tablets into the isolation room.
5. Clean and disinfect any equipment used while caring for the patient.
6. Before leaving the isolation room, remove PPE (see Table 4 ; remove booties last as stepping out of the isolation room and avoid touching the outer surface of the boots). Clean and disinfect nondisposable PPE (e.g., eye protection). Place used disposable PPE in the trash container lined with a biohazard bag in the isolation room. DO NOT SAVE DISPOSABLE PPE FOR REUSE. Avoid contact with external portions of the door when exiting the isolation room.
7. Wash hands with soap and water, and then disinfect any surfaces (e.g., doorknobs) that may have accidentally been contaminated when the room was exited. Make any needed chart entries. Wash hands again before leaving the anteroom (as applicable).
PPE, personal protective equipment. · In-hospital necropsies should not be conducted on any animal suspected of being infected with a pathogen requiring biosafety precautions above level 2 (e.g.
Chlamydophila psittaci, Coxiella burnetii, Francisella tularensis, rabies virus). Instead, the entire body (or head for rabies testing as required by the testing facility) should be submitted to an approved diagnostic laboratory.
· Ensure all requirements for shipment of biological samples are met (available from the laboratory in question). 
General Procedures for a Veterinary Infection Control, Prevention, and Biosecurity Program
As the foundation for infection control practices, patient and staff flow, hand hygiene, cleaning and disinfection, and PPE should be addressed in all practice ICPB programs.
Patient and Staff Flow
Attention to the movement of patients and staff into and through a practice can affect HAI risks. 8 The ability to identify and manage infectious patients as early as possible (ideally before they enter the facility) will have the greatest success for reducing environmental -Readily available.
-Cost-effective.
-Corrosive for some surfaces.
-Poor stability when exposed to light.
-Poorly active in the presence of organic debris (e.g., dirt, feces).
-Can discolor fabrics.
-Good for various environmental surfaces.
-Efficacy decreases with increasing pH, decreasing temperature, presence of ammonia and nitrogen.
-Reserve high concentration (1:10) for specific circumstances with resistant microorganisms. 21:32-1:50 more commonly used.
-Never mix with other chemicals.
-Change diluted solutions daily.
-Do not store in clear containers.
Potassium peroxymonosulfate (oxidizing agent)
Virkon, Trifectant
10
-Broad spectrum, with activity against nonenveloped viruses and bacterial spores.
-Active in the presence of moderate organic debris. -Corrosive, especially with metal surfaces. Masks should be worn when mixing powdered solutions -Commonly used routine disinfectant.
-Care must be taken when handling concentrated product.
-Consider rinsing metal and concrete surfaces after required contact time.
Accelerated hydrogen peroxide (oxidizing agent)
Rescue, Prevail
1-10
-Broad spectrum, with activity against nonenveloped viruses, bacterial spores, and dermatophytes.
-Good activity in moderate organic debris.
-Low toxicity.
-Biodegradable.
-Does not appear to be corrosive, unlike other oxidizing agents. -More expensive than other options.
-Excellent choice for environmental disinfection.
Quaternary ammonium compounds Various
10-30
-Low cost.
-Stable under storage.
-Good against Gram-negative, many Gram-positive bacteria, and enveloped viruses.
-Limited impact on nonenveloped viruses, bacterial spores, dermatophytes.
-Inhibited by organic debris.
-Common environmental disinfectant, but spectrum may be inadequate for some situations.
contamination, direct and indirect patient contact, and withinhospital pathogen transmission.
Taking an appropriate history prior to patient arrival can prevent pathogen introduction. SOPs and staff training should address identifying high-risk patients when possible during appointment scheduling (Table 5) . When an infectious disease is suspected prior to the appointment, the client should be instructed to call upon arrival and use a designated path to an appropriate, dedicated area for examination. Practices should determine the best path based on their facility, with the intention of minimizing contact with the general patient population and staff. Animals suspected or confirmed to pose a high risk (Table 12) should be examined and housed in a dedicated isolation area. Because an isolation room may not always be available, facilities should develop an SOP for where and how such animals will be housed. Facilities' procedures should be consistent with those used for isolation (i.e., housed physically and procedurally separate from other patients; Table 8 ). Complete discussion of facility design is beyond the scope of these guidelines. 4, 19 Some patients will be identified as potentially infectious during the appointment or while hospitalized. In such cases, staff should minimize owner and patient contact with other patients, staff, and surfaces (e.g., provide outpatient treatments and complete checkout process in the same exam room or designated infection control area).
Staff should identify places where contact between infectious patients and other patients or where exposure to common areas may have occurred. These areas should be promptly cleaned and disinfected.
Hand Hygiene
Hand hygiene, using soap and water or an alcohol-based hand sanitizer (AHS), is the responsibility of all individuals involved in healthcare.
Generally considered the single most important way to prevent infections in healthcare, hand hygiene should be the subject of considerable attention to availability, encouragement, and compliance auditing.
21,24
Effective hand hygiene kills or removes microorganisms on the skin while maintaining skin integrity (i.e., prevents skin chapping and cracking). The objective is to reduce the number of microorganisms, particularly those that are part of the transient microflora of the skin, because these are easily shed and include the majority of opportunistic pathogens. In most circumstances, either method of hand hygiene (soap and water or AHS) is effective if performed appropriately and when indicated ( Table 2 ). In the practice, hand hygiene should occur · Immediately before and after patient contact, especially invasive procedures.
· Before and after contact with items in the patient's environment.
· After exposure to patient bodily fluids (e.g., discharge, specimen handling).
· Before putting on gloves and especially after glove removal. · After using the restroom. · Before eating.
AHS is the preferred method when hands are not visibly soiled because these products have a superior ability to kill microorganisms · Use of a similar transport procedure for patient's admission to isolation or during practice discharge.
· Use of a disinfectant that is effective against parvovirus. is not effective against bacterial spores (e.g., Clostridium spp.),
Cryptosporidium spp., and nonenveloped viruses (e.g., parvovirus).
When these pathogens are suspected, washing hands with soap and water is encouraged. Bar soaps should never be used in practices due to risks for microbial contamination and transfer to other personnel. Dispenser-provided liquid or foam soap should be used; if containers will be refilled, they must first be disinfected.
Cleaning and Disinfection
The environment and equipment in veterinary hospitals can serve as important routes of pathogen transmission to patients, owners, and staff. 26, 27 Cleaning and disinfection aim to reduce key pathogens.
However, when cleaning and disinfection are improperly performed, pathogens are likely to remain and can result in HAIs. [28] [29] [30] Cleaning and disinfection are two separate tasks. Cleaning involves the removal of visible organic matter (e.g., feces, urine, food, dirt) with soap or detergent, whereas disinfection involves the application of a chemical to kill the remaining microbes. Cleaning is essential because organic matter increases the environmental survival of many pathogens and decreases the effectiveness of many disinfectants.
Surfaces that are porous (e.g., unsealed wood, concrete, grout) or with poor integrity (e.g., cracks) are difficult to effectively clean and disinfect and should be repaired or replaced.
Disinfection can only be maximally effective if it is preceded by cleaning. Some pathogens (e.g., clostridial spores) are highly resistant to disinfection; therefore, cleaning in these cases is particularly important to mechanically remove the organisms. Disinfectants should be selected based on pathogens of concern, compatibility with materials, and level of risk (Figures 3, 4 ; Table 11 ). For instance, a quaternary ammonium compound may be reasonable for routine disinfection in general animal areas, but a disinfectant with an extended spectrum (e.g., oxidizing agent that also kills nonenveloped (Table 11) .
Nonanimal-contact surfaces should not be forgotten (e.g., light switches, door handles, computer keyboards/mice). Enhanced disinfection is important after contact with a suspected or confirmed infectious patient. Efforts will vary with the pathogen(s) suspected, including route of transmission, pathogenicity, persistence, and risk for the practice's patient population. For an examination room, this would include careful attention to cleaning all patient-contact surfaces FIGURE 4 Characteristics of selected disinfectants.
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(including floors as indicated), followed by broad-spectrum disinfec- of PPE used will vary with procedure and suspicion for an infectious disease and its route of transmission (Table 14) . Some form of PPE should be worn in all clinical situations, including any contact with animals and their environment, and should not be worn outside of the work environment. Lab coats and scrubs should be laundered at least daily or when contaminated (e.g., contact with an infectious patient). Gloves, gowns, and shoe covers should not be reused, even when attending to the same patient. Correct removal of PPE is critical to limit contamination of clothing and skin and mucous membranes (Table 4) . Gloved hands should not be used to contact surfaces that will be touched by nongloved hands, with care taken to avoid contamination of personal items (e.g., telephones, pens).
There is limited data on the effectiveness of footbaths and foot mats in infection control. 32, 33 Careful use of other approaches (e.g., shoe covers) is reasonable and may have fewer concerns (e.g., maintenance of disinfectant, spills). 
Areas for Special Consideration
Animals Fed a Raw Meat Diet
Raw meat diets have grown in popularity. 38 Pets fed raw foods are a unique source of HAI-associated pathogens in the hospital environment because they may shed organisms (often asymptomatically) that can cause illness in humans or other pets. [39] [40] [41] Education of the client is of utmost importance with this pop- 
Multidrug-Resistant Organisms
MDR organisms (e.g., MRSP, methicillin-resistant S aureus, extended spectrum b-lactamase-producing Enterobacteriaceae such as E coli, enterococci, Salmonella spp., Acinetobacter spp., Pseudomonas spp.)
have become increasingly problematic in veterinary medicine. These organisms can be passed directly or indirectly between patients, the environment, and staff, resulting in infections that are challenging to treat. 6 Close attention to hand hygiene, early identification of patients infected or colonized with these organisms, prompt removal of feces, environmental cleaning and disinfection, proper PPE, surveillance, antimicrobial stewardship, and education of clients and the practice team are the keys to minimizing HAIs by these bacteria.
6,42
Surgery
Surgical site infections are an inherent risk in veterinary medicine and are complicated by the emergence of MDR organisms and the evolution of more invasive procedures and increasing frequency of immunocompromised patients. 43 Examples of risk factors for SSIs are the length and invasiveness of the procedure, perioperative hypotension, the presence of MDR organisms on the patient or environment, a "clean" versus "dirty" procedure, and the presence of an implant. 43 In a recent study of veterinary SSIs, the majority of infections were caused by MRSP, an organism that is not controlled solely by most patient pre-or postsurgical protocols or perioperative prophylaxis with beta-lactam antimicrobials (e.g., cephalosporins). 43 HAIs in surgery can be controlled or prevented through attention to environmental cleaning and disinfection, patient preparation,
proper surgical technique, simplified surgical suite design, PPE of surgeons and staff, the use of proper hand preparation techniques, appropriate (drug, dose, frequency) perioperative antimicrobial prophylaxis, and meticulous postoperative wound managment.
6,44
Because of enhanced antibacterial efficacy, rapid action, fewer side effects (e.g., do not cause skin abrasion), lower potential for resistance development, and time savings (generally 3 min rub time), presurgical hand rubbing using alcohol-based formulations is now encouraged over traditional scrubs. 45 
Dentistry
The primary HAI considerations for a veterinary dentistry unit are the heightened risk of aerosolization of infectious particles; contamination of equipment such as wet tables, endotracheal tubes, and drills; and staff education on environmental cleaning and disinfection and PPE. 46 Aerosols (defined as particles ,50 m that have the potential to remain airborne and penetrate the airways and lower lung passages of humans) can transmit pathogens, saliva, blood, and bacteria-laden debris. 46 As pathogens frequently reside in the oral cavity of companion animals and aerosolization of pathogens is possible, zoonotic transmission during veterinary dentistry is a concern. 7, 47 Pathogens of recent interest and relevance to veterinary dentistry, such as Pasteurella multocida and Staphylococcus spp., emphasize the importance of proper ICPB practices. Irrigating the oral cavity with a 0.12% chlorhexidine solution before dental scaling has been recommended by some to decrease bacterial aerosolization. 48, 49 Dental procedures should be performed in a designated location distant from other procedures, patient housing, and staff so as not to potentiate HAIs via aerosolization. Proper face protection (e.g., goggles/face shield and face mask), gowns, and gloves should be used, and surfaces cleaned and disinfected between patients. are critical, and can be easily overlooked during an emergency. 7 The acute nature of resuscitation emphasizes the need for regular (e.g., quarterly) "practice runs" in order to prepare the veterinary practice team to properly incorporate hand hygiene, PPE, and cleaning and disinfection into resuscitation procedures.
Immunocompromised Patients
Immunocompromised patients include those receiving chemotherapy or other immunosuppressive agents and those with immune-altering comorbidities (e.g., cancer, asplenia), as well as very young and geriatric patients. Proper identification of these individuals is important so that individualized procedures can be developed for each patient. When possible, the use of higher-risk procedures should be avoided (e.g., in-dwelling urinary catheters); when used, additional attention should be placed on protocols that reduce HAI (e.g., Tables   6, 7 ). In addition, hand hygiene and proper PPE should be strictly enforced. 7 
Obstetrics
Zoonotic risks of exposure to Brucella canis, C burnetii, and other infectious pathogens result from contact with birthing fluids of parturient animals, stillborn fetuses, and infected neonates. 7 Proper PPE includes gloves, waterproof gowns, and facial protection. In some circumstances, respiratory tract protection is necessary (e.g., when handling aborted fetuses likely to be infected with C burnetii). 7 It is helpful to know in advance what pathogens are common in a geographic area in order to take appropriate infection control precautions.
Burn Care
Although burn victims are relatively uncommon in veterinary medicine, they present special challenges because the patients in these cases are immunocompromised and have wounds that require invasive techniques. Burns trigger a cascade of necrotic changes in tissue that are directly related to the cause of the injury and temperature of exposure. 50 Precautions for HAIs depend on the depth and severity of burnresulting thermal injury. 50 Infection control, prevention, and biosecurity related to burns focus on wound control and exposure of patient and veterinary practice team members to potential MDR pathogens as well as other HAIs. As appropriate, isolation and wound management including cleaning of the burn site, use of only sterile equipment, and careful attention to hand hygiene with proper PPE are critical for protecting these patients.
ICPB Guidelines
Necropsy
Necropsy presents several infection risks for veterinary personnel including personal injury while performing the procedure, exposure to zoonotic pathogens originating from the animal, and environmental contamination with pathogens. 7 Eye protection, respiratory protection, and cut-proof gloves are necessary PPE for necropsy procedures (Table 9) . 7 Necropsies should be performed in a location distant from the general hospitalized population and staff. However, if this is not possible, adherence to PPE, removing organic debris, and postprocedural cleaning and disinfection will help minimize HAI risks.
Environmental Procedures
Heating, Ventilation, and Air Conditioning Ventilation systems need to be inspected regularly and updated as needed. 
Rodent and Insect Vectors
Spills and Waste
Veterinary biomedical waste is a potential source of zoonotic and nonzoonotic pathogens. In the United States, biomedical waste is defined and regulated at both state and municipal levels. 51 Veterinary medical waste includes sharps, tissues (anatomic waste), highly contaminated materials, and deceased animals.
It is beyond the scope of these guidelines to describe spill clean- Otherwise, gross organic material should be removed prior to washing.
Additional precautions should be taken for laundry from isolation rooms and infected animals. These items should be washed and processed separately from other practice laundry while wearing appropriate PPE to prevent spread of microbes. Items from infected animals should be presoaked in diluted bleach (9 parts water:1 part household bleach) for 10 min to disinfect prior to machine washing.
Isolation-room laundry should be washed in hot water with bleach, per manufacturer's instructions. After bleaching and washing, laundry should be completely dried in a separate load from any other laundry and returned to isolation.
Appropriate Antimicrobial Stewardship
The concept of antimicrobial stewardship, or the judicious use of 
Personnel Vaccination
Although an assessment/audit of the practice facility to guide this discussion (Table 10) . With the increasing complexity of care including the use of oncolytic agents, surgical implants, and the increase of MDR organisms, it is now paramount that the modern veterinary practice develop infection prevention and control protocols. For those practices with few or no infection control protocols, they should be heartened and encouraged to take small steps. As ICPB steps become prioritized, veterinary practice owners and employees will realize additional direct health benefits to patients, staff, and clients as well as indirect financial, social, and environmental positive impacts.
The AAHA Infection Control, Prevention, and Biosecurity task force gratefully acknowledges the contribution of Mark Dana of Kanara Consulting Group, LLC in preparation of the guidelines.
